Androgens are essential for male sexual develop ment and for fertility. They exert their action through the andro gen receptor (AR), a ligandactivated transcription factor. The 5' end of exon 1 of the AR gene includes a polymor phic CAG triplet repeat that varies in number between 10 to 36 in the normal population. There is controversy over an association between high CAG repeat numbers in the AR gene and male infertility. We have evaluated the pos sible effect of long CAG repeats in the AR on infertility in men from the Republic of Macedonia (R. Macedonia). A group of 222 infertile/subfertile males with different sperm counts and a control group of 152 proven fathers were studied. The CAG repeat number was determined by fluo rescent polymerase chain reaction (PCR) amplification of exon 1 of the AR gene analyzed by capillary electro phoresis. Mean CAG length did not differ significantly between males with azoospermia (22.0 ± 3.1), mild oligo zoospermia (22.4 ± 2.6), severe oligozoospermia (23.0 ± 4.2), normozoospermia (21.8 ± 2.4), or known causes of infertility (22.1 ± 2.9) and fertile controls (22.3 ± 2.9). However, we found a significantly higher percentage of CAG repeats >26 (p = 0.022), >27 
INTRODUCTION
Infertility occurs in 10-15% of couples, male factor infertility representing about 50% of the cases [1] . It is now evident that a significant proportion of male infertility is associated with a variety of genetic abnormalities. Genetic defects associated with male infertility include chromosomal aberrations, Y chromosome microdeletions involving one or more azoospermia factor (AZF) regions, mutations in the cystic fibrosis transmembrane conduct ance regulator (CFTR) gene, and mutations in the androgen receptor (AR) gene.
Androgens are essential for male sexual development and for fertility. They act through the AR, which is a tran scriptional factor that contains functional domains for DNA binding, ligand binding and transcriptional regula tion. The 5' end of exon 1 of the AR gene includes a poly morphic CAG triplet repeat that codes for a polyglutamine tract. The number of CAG repeats in the normal population varies between 10 and 36. Expansion of the polygluta mine tract to >38 repeats in males leads to Kennedy dis ease [spinal bulbar muscular atrophy (SBMA)] [2]. In addition to neurological symptoms, SBMA patients show signs of hypogonadism, such as gynecomastia, impotence, testicular atrophy and reduced fertility.
In vitro studies have demonstrated a negative correla tion between CAG repeat size and AR function [3] . Short AR CAG repeat tracts have been associated with prostate cancer [4] and polycystic ovary syndrome [5] , while long CAG repeat tracts have been associated with moderate-to-severe undermasculinization [6] , breast cancer [7] and male subfertility [8] . The possible association of a long CAG repeat with male infertility in Asian populations was suggested because of a four-fold increase in the risk of impaired spermatogenesis in males who had >28 CAG repeats [8] . Since then, the association of the long CAG repeat number in the AR gene and male infertility has been controversial. This study aims to evaluate the possible effect of long CAG repeat tracts in the AR on infertility among Macedonian men.
MATERIALS AND METHODS

Materials.
A total of 222 patients (representing 231 X chromosomes) attending the Andrological Outpatient Unit at the Clinic for Endocrinology and Metabolic Disorders, Faculty of Medicine, Skopje, R. Macedonia, were enrolled in the study. All patients gave their informed consent to participate in the study. Semen analysis was performed in accordance with the World Health Organiza tion (WHO) guidelines. All patients were routinely screen ed for the presence of chromosomal aneuploidies of the X and Y chromosomes by quantitative fluorescent polymer ase chain reaction (QF-PCR) analysis and for the presence of Y microdeletions by multiplex analysis of six sequence tagged sites (STS) in the three AZF regions. The studied group included 27 patients with a known cause of infertil ity (Y microdeletions, XXY, XX males and obstructive azoospermia representing 36 X chromosomes). The other 195 patients were grouped according to the results of semen analysis (patients with azoospermia, n = 73; severe oligozoospermia or sperm counts of <5 x 10 6 /mL, n = 51; mild oligozoospermia or sperm counts of >5 x 10 6 /ml, n = 31; and normozoospermia with unexplained couple infer tility, n = 40). In addition, 152 men who have fathered at least one child by natural conception and whose paternity was proved by DNA analysis served as controls.
Methods. Genomic DNA was isolated from leuko cytes using the Proteinase K/SDS digestionphenol/chlo roform extraction-ethanol precipitation method (9) . The CAG repeat number was determined by fluorescent PCR amplification of exon 1 of the AR gene using the fol lowing primers: direct 5'-(HEX) TCC AGA ATC TGT TCC AGA GCG TGC-3' and reverse 5'-GCT GTG AAG GTT GCT GTT CCT CA-3'. The size of the PCR product was determined by capillary electrophoresis on an ABI PRISM™ 310 Genetic Analyzer (Applied BioSystems, Foster City, CA, USA). The number of CAG repeats pre dicted by the Genescan software (Applied BioSystems) was compared with the actual CAG repeats determined by direct dideoxy terminator cycle sequencing using the Big Dye Terminator Sequencing Kit v1.0 (Applied BioSys tems) in male DNA samples with 14, 19, 21, 25 and 29 CAG repeats. Statistical Analysis. The frequencies of the CAG repeat alleles were compared between the various groups of infertile/subfertile males and fertile controls using the χ2 and Fisher's exact tests. Differences in the mean of (CAG)n length between different groups of patients vs. controls were tested by the independent samples t-test. Statistical significance was defined as p <0.05.
RESULTS
The distribution of CAG repeats in the subgroups of infertile/subfertile men and of fertile controls is shown in Figure 3 . The range of CAG repeat number, mean CAG repeat length and median for all subgroups is given in Table 1 . Mean CAG length did not differ between the subgroups of infertile/subfertile males and the fertile con trols. The percentages of long CAG repeats (defined at the cut offs: >26, >27 and >28) are given in Table 2 . The high est number of long CAG repeats was found in patients with mild oligozoospermia, the difference being statisti cally significant when compared to fertile controls. 
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DISCUSSION
Many studies have investigated the suggested link between increased CAG repeat length in exon 1 of the AR gene and depressed spermatogenesis and male infertility. Studies conducted in China [10] , Singapore [11] for the conflicting reports [20] . To clarify the relevance of CAG repeat size and male infertility, further studies with more homogeneous infer tile/ subfertile patients should be conducted.
We analyzed the number of CAG repeats among dif ferent subgroups of infertile/subfertile pati ents categorized according to their sperm counts (azoo spermia, severe oli gozoospermia, mild oligozo os per mia and normozoosper mia). All those with known causes of spermatogenic fail ure, such as Y micro deletions, XXY, XX males and obstructive azoo spermia were analyzed as a separate sub group consisting of patients with a known cause of infertil ity. This is the first report of the distribution of AR CAG repeats among men from R. Macedonia and the first to correlate the length of AR CAG repeat tracts with the impaired spermatogenesis and male infertility. We failed to find an association between the mean number of CAG repeats among any of the infertile/subfertile subgroups and the fertile controls. However, we found a significantly higher percentage of CAG repeats >26 (p = 0.022), >27 (p = 0.018) and >28 (p = 0.009) in males with mild oli gozoospermia. These results indicate a possible associa tion between CAG repeat length and mild oligozoosper mia. It is possible that long AR CAG repeat number acts as a low penetrance risk factor, which slightly impairs spermatogenesis, and probably acts in a more complex manner together with other genetic and/or environmental factors. Further studies on a larger number of patients with mild oligozoospermia are warranted to confirm the associ ation between impaired spermatogenesis and mild oligo zoospermia. 
